Background: Increasing evidence suggests significant disparity in colorectal cancer outcomes between black and white patients. Contributing factors may include advanced tumor stage at diagnosis, differences in treatment, more aggressive tumor biology, access to care, and patient comorbidity.
C
OLORECTAL carcinoma represents the second most common fatal malignancy in the United States and was responsible for approximately 55000 deaths in 1997. 1 Results of several studies 2, 3 have suggested a racial disparity in cancer survival, with survival in white patients exceeding that of black patients, even after adjusting for tumor stage at presentation. In addition, results of previous studies 4, 5 suggest that this racial disparity has been increasing since the mid-1970s, with improvements in colorectal cancer detection and overall survival improving among white patients but no comparable improvements among black patients. Several explanations have been proposed for this difference in survival, including a later stage at diagnosis, more aggressive tumor biology, increased patient comorbidity, and socioeconomic factors leading to less aggressive treatment in black patients compared with white patients. 6, 7 Although each of these factors has been recognized as potentially important, given the magnitude of the problem and the lack of progress in the past 3 decades, closing this disparity gap requires renewed focus on this issue and careful analysis of patient and physician variables.
The present study was performed to determine the outcome of patients with colorectal cancer treated in the same city at 2 nearby medical facilities-a quaternary care medical center and a city hospital. We hypothesized that the data would show survival differences similar to those previously reported. Comparison of the treatment patterns between institutions, and the outcome of patients within institutions, may provide direction for future strategies to reduce the apparent disparities in survival.
RESULTS
During the 10-year interval, 585 and 83 patients with colon or rectal cancer were evaluated and treated at the university medical center and the city hospital, respectively. There were 62 black patients (10.6%) at the university medical center and 44 (53.0%) at the city hospital. At the university medical center, 312 male patients (53.3%) and 273 female patients (46.7%) were treated, and at the city hospital,52malepatients(62.7%)and31femalepatients(37.3%) were treated. There was no significant difference in the ages of patients treated at the university medical center vs the city hospital (median, 69 vs 74 years) (P=. 19) .
There was no significant difference in tumor stage at the time of presentation between institutions or between ethnic groups within each institution ( Table 1) . There was also no difference in the various treatment modalities identified (curative resection, chemotherapy, and radiation therapy) between institutions or ethnic groups ( Table 2) .
There was a significant difference in overall survival between patients treated at the university medical center (median, 5.3 years) and those treated at the city hospital (median, 2.1 years) (PϽ.001) (Figure 1 ). There was a similar difference in disease-free survival (median, 4.1 years at the university medical center and 1.4 years at the city hospital) (PϽ.001) (Figure 2) .
Analysis of survival within each institution by ethnicity identified differences at each institution (Figure 3) . Median survival at the university medical center was 5.7 years for white patients and 3.2 years for black patients (PϽ.001). White patients treated at the city hospital survived 2.1 years vs 1.4 years for black patients (P=.002).
At each institution, cancer stage at time of presentation correlated with survival ( Figure 4 and Figure 5) . Examination of the entire population did not identify a survival advantage for patients receiving chemotherapy or radiation therapy (Figure 6 ). Subgroup analysis by race was not considered accurate because of the small sample size in each stage.
There was a significant difference in overall survival of patients with colorectal cancer between institutions, with patients treated at the university medical center surviving a median of 7.8 years and those treated at the city hospital surviving a median of 1.5 years (PϽ.01) (Figure 7 and Figure 8 ). We identified no association between survival and socioeconomic status between institutions or ethnic groups (Table 3) . During the study, 10% of patients treated at the university medical center and none at the city hospital were entered into clinical trials.
COMMENT
Previous studies have documented disparate outcomes based on racial backgrounds for many medical conditions, including heart disease, diabetes mellitus, and trauma. 10 There is increasing evidence 2-4 of a major disparity in cancer treatment outcomes for black patients with colorectal cancer compared with similarly affected white patient cohorts. This has occurred despite increased efforts at colorectal cancer screening and earlier cancer detection. Many possible contributing factors for this disparity have been suggested, including socioeconomic differences that limit access to care, more advanced stage at diagnosis, differences in tumor biology, and increased patient comorbidity. Possible explanations for survival differences have been difficult to assess because singleinstitution studies may not provide an adequate sample size, and analyses of administrative data sets frequently do not provide the specific clinical details needed about patient and provider characteristics.
In the present study, we chose to compare patients within the same city cared for by overlapping physician groups to determine whether the observed differences in survival were the result of different patterns of treatment, physician performance, or patient response to therapy. Colorectal cancer, like most solid tumors, is a surgical disease. Survival is largely affected by tumor stage at presentation, but having a fit patient with a resectable tumor who has access to a competent surgeon is essential for the possibility of long-term cure.
PATIENTS AND METHODS
We conducted a 10-year retrospective review of all patients from a 700-bed quaternary care facility (Vanderbilt University Medical Center) and a 150-bed primary point of access city hospital (Metropolitan Nashville General Hospital). There was significant overlap of surgical and medical staffing between the 2 institutions. Patients identified in the tumor registry databases at each institution as having primary colorectal carcinoma between January 1, 1990, and December 31, 1999, were included. Patients with nonwhite, nonblack ethnicity (4% overall) were excluded from analysis.
Tumor stage was assessed at the time of first clinical presentation. Resection was assumed to be curative if performed for patients in the absence of documented distant spread. Adjuvant treatments (chemotherapeutic agents or radiation treatments) were included if any treatment was received (completion of therapy was not required). Overall, disease-free, and stage-specific survival were measured and calculated from tumor registry records that followed patients to the last known date of contact.
Socioeconomic status was estimated by matching the patient's ZIP code to the median income from that ZIP code using the Summary Tape File 3 of the 1990 Census of Population and Housing from the Bureau of Census. Patients were then divided into quartiles for analysis.
For lifetime data analysis, survival was estimated usingtheKaplan-Meiermethod, 8 anddifferencesbetween groups were compared using the log-rank test. 9 For categorical data analysis, the 2 test was applied to test the association between the institutions and the outcome variables. All tests of significance were 2-sided, and differenceswereconsideredstatisticallysignificantatPϽ.05. A statistical software program (SAS version 8.1; SAS Institute Inc, Cary, NC) was used for all analyses.
There were several striking findings in the present study. Patients treated at the university medical center survived more than twice as long as those treated at the city hospital (median survival, 5.3 vs 2.1 years) despite having tumors at similar stages. In addition, these survival differences were mirrored in the median survival between ethnic groups at each institution. We expected that these results might be explained by patients treated at the city hospital, or those who were black, having more advanced-stage tumors. Instead, we found no significant difference in tumor stage at presentation (Table 1) .
One possible explanation for the observed survival differences we hypothesized was the presence of comorbidity in the city hospital and in black patients, leading to an increase in non-cancer-related deaths. However, this seems unlikely because we also observed a marked reduction in disease-free survival among black patients and those treated at the city hospital compared with the university medical center and white counterparts (4.1 vs 1.4 years) (Figure 2 ). The contributing factor for the survival disparity may have been variations in treatment recommendations by physicians. This had been demonstrated in studies of other disease conditions. 11, 12 For example, there is evidence that race affects recommendations for cardiac revascularization. These issues have not been examined for surgical decisions regarding colorectal cancer treatment. In our study, we did not identify differences in the rates of curative resection, chemotherapy, or radiation treatment by race or institution. Furthermore, black patients treated at the university medical center had poorer survival than white counterparts despite identical surgeons with similar treatment patterns. Current tumor registry database review does not allow analysis of potentially important but subtle differences in treatment. Did the different patient groups have equivalent margins of resection, similar numbers of lymph nodes recovered, and adequacy of adjuvant chemotherapy or radiation treatments?
It has been speculated that more aggressive tumor biology may be responsible for poorer long-term survival among black patients. Yet, the limited available data using current methods of tumor staging do not support this conclusion. In 1997, Chen et al 13 reported results of a masked comparative study of 703 patients with newly diagnosed colon adenocarcinoma. In this study, black patients were less likely to have poorly differentiated tumors, high-grade nuclear atypia, mitotic activity, and tubule formation than white counterparts. Overall, black patients had better-differentiated cancers of the proximal and transverse colon (no difference found for rectal tumors), and no differences were found for vascular invasion, lymphatic invasion, tumor necrosis, fibrosis, and mucinous histologic features. Thus, this analysis of pathologic factors from the Black/White Cancer Survival Study 3 did not support the contention that the usual assessed pathologic factors of tumor biology might explain poorer outcomes in survival. Of note, the coauthors of this study suggested that molecular markers of tumor-related activity might provide a better correlate of long-term outcome than conventional histologic variables; however, these were not assessed in the Black/White Cancer Sur- 
The role of access to care and potential bias of providers has been a difficult variable to assess in studies of colorectal cancer outcome.
14 In a retrospective study of 3745 Veterans Affairs patients with newly diagnosed colorectal cancer in 1989, Dominitz et al 1 demonstrated a similar rate of surgical resection (73% vs 70%), chemotherapy (23% vs 23%), and radiation therapy (16% vs 17%) use among white vs black patients. After adjustments for comorbid conditions, the 5-year survival rate for white vs black patients did not reach statistical significance (41% vs 37%; P=.11). One conclusion from this study was that in an "equal-access" system such as the Department of Veterans Affairs, the impact of race on survival of patients with colorectal cancer is limited. Although these data led the authors to conclude that access to care was the major determinant of long-term outcome, even these Veterans Affairs data suggest a trend toward a disparity in outcome based on race.
Colorectal cancer develops as a result of the progressive accumulation of genetic and epigenetic alterations that lead to the transformation of normal colonic epithelium to colon adenocarcinoma. Predictably, advances in the molecular biology of colon cancer have outpaced our understanding of the clinical effect of the genetic alterations. Nonetheless, there is preliminary evidence [15] [16] [17] [18] [19] [20] [21] that 2 of these alterations-allelic loss of a region on chromosome arm 18q (18q LOH) and microsatellite instability, a form of genomic instability-are associated with changes in the clinical outcomes of persons with colorectal cancer. It is possible that these molecular markers may explain differences in the outcome(s) demonstrated.
In summary, we performed a preliminary 10-year review of colorectal cancer outcomes at a quaternary care university medical center and at a city hospital and demonstrated a marked disparity in overall and disease-free survival between black and white patients and between patients treated at each institution. This disparity is present despite patients having similar colorectal cancer stages at presentation. In addition, the number of patients receiving curative surgical resection, adjuvant chemotherapy, and adjuvant radiotherapy was similar in the 2 institutions during this 10-year interval. We believe that our retrospective data strongly support the need for a prospective study to clarify important variables that impact outcomes in patients with colorectal cancer and to provide solutions to the disparity in outcomes.
DISCUSSION

Stewart M. Hamilton, MD, Edmonton, Alberta:
This 10-year retrospective analysis addresses the hypothesis that the outcome in colorectal cancer is poor in patients of African American heritage. The surgery was performed in 2 institutions, one high volume with about 59 resections a year and universityaffiliated, the other low volume, a city hospital, doing about 8 resections a year. The ratio of African Americans was higher at the city hospital, but the number of African American patients treated each year at the high-volume university hospital was actually greater. The overall survival and the disease-free survival was found to be significantly better at the university hospital than for patients of white ethnicity vs African Americans. No association between socioeconomic status and survival was identified. Comorbidity was not measured. The authors cautiously conclude that the reduction in overall and disease-free survival did not appear to be related to treatment variables but may be due to biological factors or non-cancer-related health conditions and, as you know, they recommended further analysis. This is a retrospective study of medical records and so it at best provides Level 4 evidence. While the stage at presentation is said to be the same, my first question to the authors relates to the difference in tumor pathology. What was the distribution of tumors with respect to the segment of colon; was there neural or vascular invasion? What was the status of the lateral resection margins, and how many lymph nodes were retrieved from each specimen?
While the premise of this paper is that there is a biological difference between African Americans and white patients in terms of colorectal cancer, to confirm such an assertion, the other variables should be controlled for. The paper confirms that outcomes are better in the high-volume institution, which in itself is significant enough to question the wisdom of persisting with colorectal cancer surgery in low-volume centers. There are also important surgeon-related factors that have been correlated with local recurrence and disease-free survival. Thus, my second question to the authors is, what differences among surgeons existed with respect to colorectal subspecialty training, number of resections per year, and the presence or absence of rectal perforation or tumor spillage during the surgery?
Perhaps the most telling result of this study is the difference in survival between the two ethnic groups at the Vanderbilt University Medical Center. No information is given on the proportion of patients who were lost to follow-up or whether the patients completed their adjuvant therapy. Could issues of access or socioeconomic background, not necessarily related to income, be at play? In their discussion, the authors reference a Veterans Affairs study that in assessing an equal access health care system concluded, contrary to this study's results, that there was no difference in outcomes based on ethnic background. I suspect that genetic, environmental, and socioeconomic factors are at work, each of which contributes to overall health status. These issues are too complex to be unraveled in a retrospective study, and as the authors correctly conclude, a prospective in-depth study is required. Jack Pickleman, MD, Maywood, Ill: I would like to suggest to Dr Chapman that he might be barking up the wrong tree here. There is a wealth of data from the British literature which would indicate stage independent colon cancer survival dependent only on the surgeon performing the operation, and death rates as high as 3-fold have been reported in the British literature. It really depends who is doing the operation. I would suggest that to test this hypothesis you just switch faculties for 5 years, and you will see a leveling out of the differences you have noted.
Francis J. Harford, MD, Maywood: I wonder if the cases were divided into colon cancer and rectal cancer. If the volume of cases were an important factor, one would expect to see it reflected more in the rectal cases than in the colon cases.
Merril T. Dayton, MD, Salt Lake City, Utah: Maybe I missed this, but did you give us any information about risk factors in these 2 populations such as hypertension, stroke, heart attack, and so forth? Did that impact survival, and was your cancer follow-up careful enough to ascertain that these in fact were cancer-related deaths and not deaths from other causes?
Ronald G. Latimer, MD, Santa Barbara, Calif: Other discussants raised the issue of the surgeon's skill in performing the operation. We were not told the level of the trainee doing the operation. Other confounding variables we know affect the survival such as nutrition and such simple things as the serum albumin. How did these affect the outcome in these patients? Another factor that affects outcome is the number of blood transfusions received, and one could suggest that the skill of the surgeon and the number of blood transfusions are related.
Thomas Russell, MD, Chicago, Ill: There are other fields where this racial disparity has come out as far as outcomes following surgery. Certainly in vascular and cardiac disease I think this has been shown. Some issues have been brought up about high volume hospitals. Jack Pickleman has mentioned that the faculty should be interchanged. I think it is probably a little more complex than that with all due respect. I think the goal of this paper is very important as pointing out that there is racial disparity in the outcomes. As we strive for all Americans to get equal care, this brings up very important issues. Obviously, you have looked at the socioeconomic issues with a very gross way of looking at it, namely, the ZIP code, and I would hope that you could really get into some of these issues as smoking, blood transfusion, other comorbid factors, drug use, HIV status, the education of these patients in their involvement in their own care. The importance here is where are you going next with this paper. There are opportunities for additional studies, not only on the socioeconomic areas but the biological markers and the biological potential in the differences between the races of this tumor.
Fabrizio Michelassi, MD, Chicago: Dr Chapman, let me just add a few more variables to your equation. In 1988, I presented a similar paper to the American Surgical Association. I was very young then and one of the discussants who took the podium was our current vice president, Dr Claude Organ. He gave me a major lecture on race, one that I still remember to date. In brief, he said, you may think that what is black is black and what is white is white, but the differences are not so well defined. He pointed out, rightly so, that there are different degrees of shades, and that if you go back several generations what you thought was white is not really totally white, and what you thought was black is not totally black. A few years later, I had the pleasure of presenting a follow-up study. In that study I had employed a new technique: quantification of ploidy. With ploidy, indeed, the importance of race was statically erased. Nowadays with microsatellite instability and other molecular and genetic variables, there might be explanations in different tumor biology that transcend race.
Dr Stain: Dr Hamilton, you asked some very important questions. It was our impression that this was a complex issue, and clearly this study was not going to answer all of those questions. I think you hit the nail on the head. The most important or interesting finding was that the black patients at Vanderbilt were presumably getting quaternary care from highly trained subspecialists and had lower survival than their white counterparts. I hope there are not differences in provider behavior among the surgeons, but that issue deserves further study. Dr Hamilton's specific questions: We do not yet know what the distribution is of right vs left tumors. We hope to have that information by further analysis reviewing 666 charts in depth, with approximately 150 variables. We should have more data to present. The margins of resection will also be analyzed in that review. Vanderbilt does not have a subspecialist in colorectal surgery. There are surgical oncologists who participated in the care of these patients, but from the best we can tell, the care of these patients were shared between general surgeons and surgical oncologists.
We do not have any data about lateral rectal spread or tumor seeding. You raised the issue of access to care, which I believe may be the key factor. I do not believe that patients of lower socioeconomic status have similar access to care. That is an area for improvement, and hopefully we can find a better way of studying it.
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Dr Russell had mentioned that data in the cardiac literature suggested that the race or ethnicity of the patient changed what was recommended by the provider. We would like to think it is not true that a physician treating a black patient would be less likely to recommend an operation or aggressive chemotherapy or radiation.
Dr Harford, we do have specific data on comparing rectal cancers and there was also a survival difference.
Dr Dayton, you correctly identified this is a retrospective tumor database, and I will go on record as saying I have trouble with believing a lot of administrative databases. I believe that a chart review minimally will be necessary and a prospective study ideally to get necessary information.
Dr Latimer, we will get information on specific patient care characteristics such as albumin and blood transfusion. As a general surgeon I have some difficulty with the literature which suggests that colorectal surgeons or surgical oncologists do colon resections better. I agree it may be more likely for a low anterior resection or an APR, but for a right colon, I'm just not sure that it really makes a difference. Hopefully, some provider statistics will be available.
Dr Russell, we appreciate your comments and I think where we are going next is that fortunately this project has been part of an NCI funded grant between institutions and we are collecting prospective data. Hopefully, we will come up with some information in a few years.
Dr Michelassi, I actually received the same lecture from Dr Organ on race, and I was prepared to debate him on those definitions. Race is a politically incorrect term, in my mind, which I still use. It's been discredited by anthropologists as having no biologic and perhaps no genetic consequences other than skin melanin. The more inclusive term is ethnicity which is a social construct which includes psychologic, societal considerations. However, the reality of what we have in charts is the description by the provider who says "This is a white 32-yearold male" or "a black 45-year-old female." Anthropologists perform complex interviews where they ask the patient to self describe themselves from several different choices, and that is usually not available and I am not sure if we have the resources to provide that sort of in-depth prospective study.
Invited Critique
W udel and coauthors hypothesized that racial disparity in outcomes for patients with colorectal cancer (CRC) would persist despite similar objective measures of treatment. They retrospectively examined a 10-year cohort of patients treated at a city hospital and a university hospital, both located in the same city. Overall and disease-free survival for patients with CRC treated at a quaternary-care university hospital were compared with those obtained from a primary point-ofaccess city hospital.
Striking disparities in overall and disease-free survival were observed when comparing the 2 hospitals. Patients treated at the university hospital consistently realized better overall and disease-free survival compared with patients treated at the city hospital. Disparities in outcomes between black and white patients were also observed at both institutions. White patients treated in the city and the university hospital settings had significantly improved overall and disease-free survival compared with black patients treated at either institution.
The magnitude of the survival differences in the city hospital vs university hospital was compelling, as were the comparative differences in survival for white patients in both institutions. White patients treated in the university hospital realized a 3.6-year improvement in median survival compared with white patients treated at the city hospital. This discrepancy occurred despite no significant differences in initial stage at presentation or treatment modality used and was much greater than the 1.8-year difference seen in black patients treated at the 2 institutions.
This study sought to examine the effect of individual factors known to influence overall and disease-free survival in CRC. These factors included racial differences in (1) stage at presentation, (2) treatments offered, (3) tumor biologic characteristics, (4) access to care related to socioeconomic status, (5) and patient comorbid factors. Controlling for these factors would allow examination of their independent influence on CRC outcomes and, hopefully, eliminate racial disparities. The study fell far short of this goal. The only factor controlled for in this analysis was stage at presentation. There was not enough information to allow assessment of the other important factors; therefore, the study could not shed light on the impact of these important variables on CRC survival. This article can be thrown onto the mountain of literature documenting a disparity in outcomes between black and white patients with CRC. This disparity is real and without further elucidation could be, erroneously, attributed to racial differences. The real problem is that race represents a faulty sociologic construction that, although familiar to our thinking, is without a sound scientific basis. Race, as currently viewed, more appropriately reflects ethnic differences between peoples, and as such, implies important socioeconomic and cultural differences known to influence CRC risk and survival. Race is a surrogate for ethnic differences in diet, dietary fat intake, incidence of obesity, commitment to exercise, use of alcohol and cigarettes, compliance and trust in medical advice, and acceptance of screening methods and treatment for CRC.
Many articles allude to these and other factors as important determinants of CRC survival. No study has successfully controlled for all of the important ethnic and biologic factors that may explain ethnic survival differences. I agree wholeheartedly with the authors and the discussants that a more comprehensive, large-scale review of these factors would help explain and ultimately eliminate this troubling disparity in CRC outcomes.
Vernon J. Henderson, MD Atlanta, Ga
